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DECLARATION UNDER 37 CFR U32 

Sir: 

I, Christopher J. Nagel, of 28 Highland Circle, Wayland MA 01778, am the sole 
inventor of the above identified application. I am the sole inventor of the above 
identified patent application. 

I am attaching a detailed description of each of the analytical techniques described 
in this declaration and in my Declaration under 37 CFR 1.132 filed on March 23, 2006. 
These techniques were performed by third party companies to confirm the change in 
matter achieved through tailoring (Exhibit 1). GDMS was obtained from SHIVA 
Technologies of Syracuse, New York; XRF was obtained from the University of Western 
Ontario, London, Ontario; PIXE was obtained from Elemental Analysis Incorporated, 
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Lexington, Kentucky; and GDOES was obtained from Twin Analytical of Independence, 
Ohio. 

I have been asked to clarify the process of manufacture for the copper samples 
described in my earlier Declaration under 37 CFR 1.132. The copper sample in the 
declaration, as are the samples described herein, refer to the ingot number of the sample. 
Copper 14-00-01 corresponds to Example 1 1 of the present application. 

As explained previously, third party data confirms that the manufactured copper 
ingot contains a different elemental signature from naturally occurring copper (Exhibit 3) 
and my earlier Declaration. To show that the process of the present invention is not 
unique to copper, I am also attaching third party data for the following elements: 
aluminum (Exhibit 4), silicon (Exhibit 5), iron (Exhibit 6), nickel (Exhibit 7), and cobalt 
(Exhibit 8) together with their respective experimental procedures. Please note that the 
aluminum example is not described in the current application, but rather in my copending 
application number 1 1/063,694. The aluminum ingot was produced in accordance with 
the methods described in these patent applications. The third party data confirmed the 
unique electronic characteristic of each tailored system. Please note that the spreadsheets 
in Exhibits 3-8 include GD-MS analyses of each of the starting materials. Further 
Exhibits 3-8 include the manufacturer's specifications of the starting materials for each 
system. 

I have been asked to provide visual support for the teachings in the specification 
of the magnetic properties of the tailored copper produced by the present process. I am 
attaching six photographs of the tailored copper ingot 14-00-01, corresponding to 
Example 1 1 of the present specification, (Exhibit 2). I personally observed the magnetic 
properties described in the slides of Exhibit 2. 

I have been asked to analyze a "magnetic copper" sample obtained from 
Goodfellow Cambridge Limited. As shown in Exhibit 2, the photographs reveal the 
presence of iron impregnated in copper. In my opinion, the substantial presence of iron 
creates the magnetic property. Therefore, it is my opinion that the material is not copper 
substantially free of other metals. 

I hereby declare that all statements made herein of my own knowledge are true 

and that all statements made on information and belief are believed to be true; and further 
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that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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EXPERIMENTAL PROCEDURE FOR SILICON 15-01-01 



EXAMPLE 7 

A cylindrical alumina-based crucible (99.68% A1 2 0 3 , 0.07% Si0 2 , 0.08% Fe 2 0 3 , 
0.04% CaO, 0.12% Na 2 0 3 ; 4.5 M O.D. x 3.75" I.D. x 10" depth) of a 100 pound induction 
furnace reactor (Inductotherm) fitted with a 75-30R Powertrak power supply was 
charged with 700 g Silicon (100.00% purity), through its charging port. The reactor was 
fitted with a graphite cap and a ceramic liner (i.e., the crucible, from Engineering 
Ceramics). During the entire procedure, a slight positive pressure of nitrogen {-0.5 psi) : 
was maintained in the reactor using a continuous backspace purge. The reactor was 
heated to the metal charge liquidus point plus 300°F, at a rate no greater than 300°F/hoUr 
as limited by the integrity of the crucible. The induction furnace operated in the 
frequency range of 0 kHZ to 3000kHz, with frequency determined by a temperature- 
controlled feedback loop implementing an Omega Model CN 300 temperature controller. 
Upon reaching 2800°F, the reactor was charged with an additional 400 g Silicon again 
using a rate no greater than 300°F/hour. 

The temperature was again increased to 2900°F again using a rate no greater than 
300°F/hour. When this temperature was reached, graphite saturation assemblies (3/8" 
OD, 36" long high purity (5 ppm impurities) graphite rods) were inserted to the bottom of 
the Silicon charge through ports located in the top plate. The Silicon was held at 2900°F 
for 4 hours. Every 30 minutes during the hold period, an attempt was made to lower the 
graphite saturation assemblies as dissolution occurred. As the Silicon became saturated 
with carbon, the graphite saturation assemblies were consumed. After the 4 hour hold 
period was complete, the graphite saturation assemblies were removed. 

The reactor temperature was increased to 2976°F over 7 minutes. The 
temperature was then varied between 2920°F and 2976°F for 15 cycles. Each cycle 
consisted of lowering the temperature continuously over 7 minutes and raising the 
temperature continuously over 7 minutes. After the 15 cycles were completed, a gas 
addition lance was lowered into the molten metal to a position approximately 2" from the 
bottom of the reactor and a 0. 1 5 L/min flow of argon was begun. The temperature of the 
Silicon was varied over another 5 cycles between 2920°F and 2976°F. 



After the fifth cycle, the reactor temperature was lowered to 2900°F over a 10 
minute period with continued argon addition. The graphite saturation assemblies were 
reinstalled in the Silicon and remained there for 1 hour. The graphite saturation 
assemblies were removed. 

The reactor temperature was lowered to 2895°F over 5 minutes. The reactor was 
held at this temperature for 5 minutes with continued argon addition. The temperature 
was then varied between 2886°F and 2895°F over 20 cycles. Each cycle consisted of 
lowering the temperature continuously over 9 minutes and raising the temperature 
continuously over 9 minutes. The argon addition ceased after completion of the 20 
cycles. 

The reactor temperature was lowered to 2873°F over 5 minutes. The temperature 
was varied between 2868°F and 2873°F over 4 J4 cycles. Each cycle consisted of 
lowering the temperature continuously over 5 minutes and raising the temperature 
continuously over 3 minutes. In addition, while raising the temperature, a 0. 1 5 L/min 
flow of argon was added, and while lowering the temperature, a 0.15 L/min flow of 
nitrogen was added. 

The reactor temperature was lowered to 2863°F over 5 minutes. The temperature 
was varied between 281 1°F and 2863°F for 15.5 cycles. Each cycle consisted of 
lowering the temperature continuously over 15 minutes and raising the temperature 
continuously over 15 minutes. In addition, while raising the temperature, a 0.15 L/min 
flow of argon was added, and while lowering the temperature, a 0.15 L/min flow of 
nitrogen was added. All gas addition, except for the purge of nitrogen ceased after the 
15.5 cycles were completed. 

The temperature was varied between 2833°F and 281 1°F for one cycle. The 
cycle consisted of raising the temperature continuously over 15 minutes and lowering the 
temperature continuously over 15 minutes. The gas addition lance was removed . 

The reactor temperature was slowly cooled by lowering the induction furnace 
power to 1 kW or less s the ingot cooled. After solidification, the Silicon was cooled to 
approximately ambient temperature in water. 



ANALYTICAL PROTOCOLS 



XRF, grain size, magnetism, and chemical reactivity measurements were carried 
out by the procedures described in Example 1 . 

ANALYTICAL RESULTS 

An x-ray fluorescence analysis of the silicon sample is provided in Figures 45A 
and 45B, with the Ka and L a peaks of a silicon control standard shown for reference. 

An x-ray fluorescence analysis of the silicon sample is provided in Figure 46A, 
with the Ka peak of an aluminum control standard shown for reference. 

An x-ray fluorescence analysis of the silicon sample is provided in Figure 46B, 
with the Ka peak of a titanium control standard shown for reference. : ; 

An x-ray fluorescence analysis of the silicon sample is provided in Figure 47A; 
with the Ka peak of a sulfur control standard shown for reference. 

An x-ray fluorescence analysis of the silicon sample is provided in Figure 47B, 
with the Kapeak of a chlorine (from potassium chloride) control standard shown for 
reference. 

An x-ray fluorescence analysis of the silicon sample is provided in Figure 48A, 
with the Ka peak of a gallium control standard shown for reference. 

An x-ray fluorescence analysis of the silicon sample is provided in Figure 48B, 
with the Kapeak of a potassium control standard shown for reference. 

Summary data showing the apparent elemental composition of the product of 
Example 7 is shown in Tables 24-27, as was measured by an XRF analysis using a 
Uniquant software package. The apparent elemental composition of the product varies 
by position, which is indicated in each table. 

No unexpected magnetic activity or chemical reactivity were recorded for the 
ingot. The manufactured silicon system did appear shiny on its axial (top) face and dull 
on is radial (side) face. The ingot retained minimal refractory upon removal from the 
reactor. 
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5000 lbs. 
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COPPER 
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IRON 
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SELENIUM 


ND 
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NP 
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ND 
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ND 


CADMIUM 


ND 
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ND 
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ND 
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ND 
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ND 
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EXPERIMENTAL PROCEDURE FOR COPPER 14-00-01 



(EXAMPLE 11) 

A cylindrical alumina-based crucible (89.07% A1 2 0 3 , 10.37% Si0 2 , 0.16% Ti0 2 , 
0.15% Fe 2 0 3 , 0.03% CaO, 0.01% MgO, 0.02% Na 2 0 3 , 0.02% K 2 0; 9" O.D. x 7.75" I.D. 
x 14" depth) of a 100 pound induction furnace reactor supplied by Inductotherm, fitted 
with a 75-30R Powertrak power supply, was charged with 100 pounds copper (99.98% 
purity) through its charging port. During the entire procedure, a slight positive pressure 
of nitrogen (-0.5 psi) was j maintained in the reactor using a continuous backspace purge. 
The reactor was heated to;the metal charge liquidus point plus 300°F, at a rate no greater 
than 300°F/hour, as limited by the integrity of the crucible. The induction furnace 
operated in the frequence range of 0 kHz to 3000 kHz, with frequency determined by a 
temperature-controlled feedback loop implementing an Omega Model CN300 
temperature controller. 

The temperature was again increased to 2462°F again using a rate no greater than 
300°F/hour. When this temperature was reached, graphite saturation assemblies (3/8" 
OD, 36" long high purity (<5 ppm impurities) graphite rods) were inserted to the bottom 
of the copper charge through ports located in the top plate. The copper was held at 
2462°F for 4 hours. Every 30 minutes during the hold period, an attempt was made to 
lower the graphite saturation assemblies as dissolution occurred. As the copper became 
saturated with carbon, the graphite saturation assemblies were consumed. After the 4 
hour hold period was complete, the graphite saturation assemblies were removed. 

The reactor temperature was increased to 2480°F over 7 minutes. The 
temperature was then varied between 2480°F and 2530°F for 15 cycles. Each cycle 
consisted of raising the temperature continuously over 7 minutes and lowering the 
temperature continuously over 7 minutes. After the 15 cycles were completed, a gas 
addition lance was lowered into the molten metal to a position approximately 2" from the 
bottom of the reactor and a 1 .5 L/min flow of argon was begun. The temperature of the 
copper was varied over another 5 cycles between 2480°F and 2530°F. 

After the fifth cycle, the reactor temperature was lowered to 2462°F over a 10 
minute period with continued argon addition. The graphite saturation assemblies were 
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reinstalled in the copper and remained there for 1 hour. The graphite saturation 
assemblies were removed. 

The reactor temperature was lowered to 2459°F over 5 minutes. The reactor was 
held at this temperature for 5 minutes with continued argon addition. The temperature 
was then varied between 2459°F and 2453°F over 20 cycles. Each cycle consisted of 
lowering the temperature continuously over 9 minutes and raising the temperature 
continuously over 9 minutes. The argon addition ceased after completion of the 20 
cycles. 

The reactor temperature was lowered to 2450°F over 5 minutes. The temperature 
was varied between 2450°F and 244 1°F over 4 54 cycles. Each cycle consisted of 
lowering the temperature continuously over 5 minutes and raising the temperature 
continuously over 3 minutes. In addition, while raising the temperature, a 1 .5 L/min flow 
of argon was added, and while lowering the temperature, a 1 .5 L/min flow of nitrogen 
was added. 

The reactor temperature was lowered to 243 8°F over 5 minutes. The temperature 
was varied between 243 8°F and 2406°F for 15.5 cycles. Each cycle consisted of 
lowering the temperature continuously over 15 minutes and raising the temperature 
continuously over 15 minutes. In addition, while raising the temperature, a 1.5 L/min 
flow of argon was added, and while lowering the temperature, a 1 .5 L/min flow of 
nitrogen was added. All gas addition, except for the purge of nitrogen ceased after the 
15.5 cycles were completed. 

The temperature was varied between 2406°F and 2419°F for one cycle. The 
cycle consisted of raising the temperature continuously over 15 minutes and lowering the 
temperature continuously over 15 minutes. The gas addition lance was removed. 

The reactor temperature was rapidly cooled by quenching in water, so that the 
copper solidified into an ingot. 

ANALYTICAL PROTOCOLS 

XRF, grain size, magnetism, and chemical reactivity measurements were carried 
out by the procedures described in Example 1 . 
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ANALYTICAL RESULTS 

Summary data showing the apparent elemental composition of the product of 
Example 1 1 is shown in Tables 32-33, as was measured by an XRF analysis using a 
Uniquant software package. The apparent elemental composition of the product varies 
by position, which is indicated in each table. 

Immediately after the method described above was completed, multiple discrete 
magnetic spots attracted by a 1/8" diameter neodymium iron boron magnet were 
observed in a sinusoidal pattern. The ingot exhibited point attraction to iron filings at 
reduced temperatures at or near 77 K. Over days to months, the strength of the magnetic 
attraction decreased on a fraction of the locations exhibiting magnetic attraction or 
attraction to iron filings. 

Various forms of ligated chlorine (e.g., HC1 and MCI, where M is a metal as 
defined above) readily reacted with the manufactured copper form yielding product 
distributions distinguishable from natural copper, thereby demonstrating a change in 
chemical reactivity. This reactivity increased over time. 

Extremely large grain sizes (i.e., greater than 1") were observed, which is 
uncharacteristic and previously unreported in natural copper systems (typically, copper 
grains sizes are 10-100 |xm). Unique changes in coloration were observed with the 
crossing of grain boundaries; however, the overall coloration mimicked natural copper. , 
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Analytical Techniques 
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Analytical Techniques 

This document reviews the analytical techniques used to perform the elemental analyses 
described herein. The descriptions (including lower detection limits, LDLs) are taken 
primarily from reference and textbooks 1,2 * 3 and the sources of the individual third-party 
analytical laboratories that performed the analysis. These sources are referenced for the 
reader who is interested in a more in-depth description, including schematics. The 
descriptions below are abbreviated extractions from each of these sources. In addition, 
Table 1 gives an overview of the analytical protocol followed by the investigators to 

obtain the submitted data. Table 2 delineates the activation and detection methods used 

by each method allowing a ready comparison of the similarities and differences of each 
technique. 

Glow Discharge Mass Spectrometry (GD-MSV* _ 

Bulk composition analysis (continuous sample consumption) based on the weights of 
ions sputtered from the sample using a DC plasma. Typical LDLs on the order of parts 
per billion (ppb, element dependent). Method identical to GD-OES except 
detectionAdentification method based on mass, not electronic character. 

- Solid sample is atomized by sputtering in a low-pressure DC plasma 

- Sputtered atoms are then ionized and extracted into a mass analyzer for 
separation and detection 

- Mass to charge ratios are well known allowing identification of elemental species 

Positive ions formed in the Argon plasma glow are accelerated toward the sample. Upon 
impacting the surface of the sample, neutral particles (predominantly individual atoms) 
and positive ions are released. The sputtered neutral particles diffuse across the plasma 
"dark space" and are ionized through interaction with the metastable argon ions of the 
plasma primarily forming singly charged ions. These singly charged ions are extracted 
into a mass analyzer for separation and detection. The Mass to Charge ratios are used for 
elemental species identification. 

Glow Discharge Optical Emission Spectrometry (GD-OES) 5 

Quantitative Depth Analysis (near surface 0.05-1 SO mm) based on the optical 
emissions (wavelength) of material sputtered from sample surface. Typical LDLs of ~5 



'Handbook of Instrumental Techniques for Analytical Chemistry, Frank A. Settle (Ed), Prentice Hall, June 
1997. 

2 Handbook of Analytical Techniques, Vol 1 & 2; Helmut GQnzler, Alex Williams (Eds) 
John Wiley & Sons, Inc., May 2001 

3 Practical Handbook of Spectroscopy, J.W. Robinson (Ed.), CRC Press, Inc., 1991 

4 Shiva Technologies, Inc. Trace Elemental Analysis, Glow discharge Mass Spectrometry Principles, 

©200 1 . http://www.shivatec.com/new/gdmsdesc.php4 

5 Twin Analytical, Glow Discharge Optical Emission Spectrometer, Instrumentation, ©2003-2005. 
http://www.twinanalytical.conVinstniments/GD-OES:php - 



ppnu Method identical to GD-MS except detectionfidentification method based on 
electronic structure. 

- Solid sample is atomized by sputtering in an Ar plasma 

- Sputtered atoms are then ionized emitting characteristic light emissions 

- The spectral lines (wavelengths) are indicative of the elemental composition 

Positively charged Ar ions (Ar+) are accelerated, continuously bombarding the sample 
surface, causing atoms to be ejected. The atoms are excited or ionized in the plasma gas, 
emitting energy in the form of characteristic light emissions. The light emitted by the 
sample passes into the spectrometer to photomultiplier tubes that quantify the intensity of 
the spectral lines (wavelengths). Each element has its own characteristic spectrum and 
unique wavelength fingerprint (indicative of electron levels) allowing elemental 
identification. 6,7 

Particle Induced X-rav Emission Spectrometry (PIXE) 8 

Semi-bulk (40 mm penetration depth) analysis based on the emission energies 
characteristic of electronic orbital shifts. Typical LDLs are on the order of parts per 
million or higher and are dependent on the element XRF and PIXE use identical 
detection methods to identify elemental components of the sample. The sample 
excitation methods differ in that XRF uses hand X-ray bombardment, while PIXE 
uses particle (in this case proton) bombardment to induce X-ray emissions. 

- Sample surface is bombarded with protons (H+ f 40mm penetration, used in 
subject technique) or alpha particles (He++, 8 mm) 

- K-shell electrons are knocked out of innermost electron shell 

- Electrons from outer shells replace inner shell electrons simultaneously emitting 
an x-ray 

- Known x-ray energy emissions allow elemental identification 

Particle Induced X-ray Emission bombards samples with two types of ions, alpha 
particles (He++) and protons (H+), at high energies. These particles knock out sample 
electrons from the innermost electron shell, called the K-shell. To fill this vacancy, 
electrons from the outer shells replace the inner shell electrons with a corresponding 
emission in energy in the form of an x-ray. Each element has its own characteristic 
x-ray emission, a unique property, allowing elemental identification. Depth of 
penetration: 40mm ~ 60mm for copper; 60mm ~ 80mm for aluminum. 

X-rav Fluorescence Spectrometry 9 

Semi-bulk composition analysis (1-3 mm penetration depth) based on the emission 
energies characteristic of electronic orbital shifts. Typical LDLs are approximately 20- 

6 Glow Discharge Optical Emission Spectrometry, Richard Payling, Delwyn Jones, Arne Bengtson 
(Eds), John Wiley & Sons, Ltd., 1997. 

7 Glow Discharge Plasmas in Analytical Spectroscopy, R. Kenneth Marcus, Jose A. C. Broekaert (Eds.), 
John Wiley & Sons, Ltd., 2003. 

8 Elemental Analysis Inc., "Proton Induced X-ray Emission"; http://www.elementalanalysis.com/pixe/ 

9 Eastern Illinois University, Doug Klarup, Ph.D., Chair Dept. of Chemistry, "X-ray Fluorescence 
Spectroscopy", http://www.ux l.eiu.edu/^gklarup/nsfccli/imtrumentconcepts/xrf.pdf 



SO ppm and are dependent on tlie individual elements present in the sample matrix. 
XRFandPIXE use identical detection methods to identify elemental components of the 
sample. The sample excitation methods differ in that XRF uses X-ray bombardment, 
while PEXE uses particle (in this case proton) bombardment to induce X-ray emissions. 

- Sample surface is bombarded with x-rays 

- K-shell electrons are knocked out of innermost electron shell 

- Electrons from outer shells replace inner shell electrons simultaneously emitting 
an x-ray 

- Known x-ray energy emissions allow elemental identification 

A quant of the primary X-ray beam excites atoms of the elements present in the sample 
removing electrons from the inner-most shell (K-shell). The vacancies are filled with 
electrons from a higher energy level, the L-shell. As the electron moves to a lower energy 
shell, a fluorescence quant (emitted x-ray) is created. Its energy is determined by the 
energetic difference between the L- and the K-shell and is thus characteristic of the 
element. For these analyses a sequential wavelength dispersive spectrometer (WDS) was 
used in which specific emission lines are used to determine the presence or absence (and 
concentrations) of various elements. Each characteristic x-ray line is measured in 
sequence by the instrument through control of the instrument geometry. The orientation 
of the detector crystal with respect to the sample and the photon detector is controlled 
synchronously such that characteristic x-ray lines can be accurately measured. The 
sequential measurement consists of positioning the diffraction crystal at a given theta 
(diffraction angle) and the detector at two-theta and counting for a given period. The 
crystal and detector are then rotated to a different angle for the next characteristic x-ray 
line. 



Neutron Activation Analysis 

Bulk composition analysis based on gamma ray emissions induced by neutron 
bombardment Typical LDLs range from parts per million to parts per billion and are 
dependent on the individual elements present in the sample matrix (due to decay 
interferences). Method is independent of electronic structure and indicative of the 
structure of the sample's nuclei "For many elements and applications, NAA offers 
sensitivities that are superior to those attainable by other methods, on the order of parts 
per billion or better. In addition, because of its accuracy and reliability, NAA is 
generally recognized as the "referee method" of choice when new procedures are being 
developed or when other methods yield results that do not agree" 1 . 

- Radioactive isotopes created by neutron bombardment (in nuclear reactor) 

- >50 elements have stable radioactive isotopes with one neutron more than their 
stable isotope 



10 General Activation Analysis, Inc., "Neutron Activation Analysis: Method Description", 
http://generalactivation.com/method.html 

11 Michael D. Glascock, Ph.D. , University of Missouri Research Reactor (MURR); "An Overview of 
Neutron Activation Analysis:' September 12,2005. http://www.missouri.edu/~glascock/naa_over.htm 



- By detecting the decay of these radioactive nuclei, one measures the 
concentration of the stable element 

The sample is introduced into the intense radiation field of a nuclear reactor where it is 
bombarded with neutrons, causing the elements to form radioactive isotopes. The 
radioactive emissions and radioactive decay paths for each element are well known. 
Using this information it is possible to study spectra of the emissions of the radioactive 
sample to determine the concentrations of the sample elements. 



Attachments: 

Table 1 : Analytical Method Overview 

Table 2: Analytical Technique Overview by Activation and Detection Mechanism 
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Natural Aluminum Manufacturer's Specification 







Certificate of AnaK/cic 


A-2001 


Description 
ALUMINUM METAL, AJ 
Typically 99.99% pure 
2-12 mm granules 


Lot Number 

X28242 
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CHEMICAL PROPERTIES 
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EXPERIMENTAL PROCEDURE FOR IRON 15-01-02 
EXAMPLE 8 

A cylindrical alumina-based crucible (99.68% A1 2 0 3 , 0.07% Si0 2 , 0.08% Fe 2 0 3 , 
0.04% CaO, 0.12% Na 2 0 3 ; 4.5" O.D. x 3.75" LD. x 10" depth) of a 100 pound induction 
furnace reactor supplied by Inductotherm, fitted with a 75-30R Powertrak power supply 
was charged with 2000 g Iron (99.98% purity) and 200 g carbon through its charging 
port. The reactor was fitted with a graphite cap with a ceramic liner (i.e. the crucible, . . 
from Engineering Ceramics). During the entire procedure, a slight positive pressure of 
nitrogen (-0.5 psi) was maintained in the reactor using a continuous backspace purge. 
The reactor was heated to the metal charge liquidus point plus 300°F, at a rate no 'greater 
than 300°F/hour, as limited by the integrity of the crucible. The induction furnace 
operated in the frequency range of 0 kHz to 3000 kHz, with frequency determined by a 
temperature-controlled feedback loop implementing an Omega Model CN300 
temperature controller. Upon reaching 2800°F, the reactor was charged with an 
additional 2595 g iron over an hour. 

The temperature was again increased to 2850°F again using a rate no greater than 
300°F/hour. When this temperature was reached, graphite saturation assemblies (3/8" 
OD, 36" long high purity (<5 ppm impurities) graphite rods) were inserted to the bottom 
of the iron charge through ports located in the top plate. The iron was held at 2850°F for 
4 hours. Every 30 minutes during the hold period, an attempt was made to lower the 
graphite saturation assemblies as dissolution occurred. As the iron became saturated with 
carbon, the graphite saturation assemblies were consumed. After the 4 hour hold period 
was complete, the graphite saturation assemblies were removed. 

The reactor temperature was increased to 3360°F over 7 minutes. The 

temperature was then varied between 2993°F and 3360°F for 15 cycles. Each cycle 
consisted of lowering the temperature continuously over 7 minutes and raising the 
temperature continuously over 7 minutes. After the 15 cycles were completed, a gas 
addition lance was lowered into the molten metal to a position approximately 2" from the 
bottom of the reactor and a 0. 1 5 L/min flow of argon was begun. The temperature of the 
iron was varied-over another 5 cycles between 2993°F and 3360°F. .- _ . 
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After the fifth cycle, the reactor temperature was lowered to 2850°F over a 10 
minute period with continued argon addition. The graphite saturation assemblies were 
reinstalled in the iron and remained there for 1 hour. The graphite saturation assemblies 
were removed. 

The reactor temperature was lowered to 2819°F over 5 minutes. The reactor was 
held at this temperature for 5 minutes with continued argon addition. The temperature 
was then varied between 2622°F and 281 8°F over 20 cycles. Each cycle consisted of 
lowering the temperature continuously over 9 minutes and raising the temperature 
continuously over 9 minutes. The argon addition ceased after completion of the 20 
cycles. 

The reactor temperature was lowered to 2724°F over 5 minutes. The temperature 
was varied between 2622°F and 2724°F over 4 X A cycles. Each cycle consisted of 
lowering the temperature continuously over 5 minutes and raising the temperature 
continuously over 3 minutes. In addition, while raising the temperature, a 0. 1 5 L/min 
flow of argon was added, and while lowering the temperature, a 0.15 L/min flow of 
nitrogen was added. 

The reactor temperature was lowered to 2586°F over 5 minutes. The temperature 
was varied between 2133°F and 2586°F for 15.5 cycles. Each cycle consisted of 
lowering the temperature continuously over 15 minutes and raising the temperature 
continuously over 15 minutes. In addition, while raising the temperature, a 0.15 L/min 
flow of argon was added, and while lowering the temperature, a 0. 1 5 L/min flow of 
nitrogen was added. All gas addition, except for the purge of nitrogen ceased after the 
15.5 cycles were completed. 

The temperature was varied between 2340°F and 2133°F for one cycle. The 
cycle consisted of raising the temperature continuously over 15 minutes and lowering the 
temperature continuously over 15 minutes. The gas addition lance was removed . 

The reactor temperature was cooled by lowering the induction furnace power to 1 
kW or less as the ingot cooled. After solidification, the iron was cooled to approximately 
ambient temperature in water. 



ANALYTICAL PROTOCOLS 



XRF, grain size, magnetism, and chemical reactivity measurements were carried 
out by the procedures described in Example 1. 

ANALYTICAL RESULTS 

An x-ray fluorescence analysis of the iron sample is provided in Figures 49A and 
49B, with the Ka and L a peaks of an iron control standard shown for reference. 

An x-ray fluorescence analysis of the iron sample is provided in Figure 50A, with 
the Ka peak of an aluminum control standard shown for reference. 

An x-ray fluorescence analysis of the iron sample is provided in Figure SOB, with 
the Kapeak of an zirconium control standard shown for reference. r v 

An x-ray fluorescence analysis of the iron sample is provided in Figure 51 A, with 
the Ka peak of a sulfur control standard shown for reference. ' 

An x-ray fluorescence analysis of the iron sample is provided in Figure 5 IB, with 
the Kapeak of a chlorine (from potassium chloride) control standard shown for reference. 

Summary data showing the apparent elemental composition of the product of 
Example 8 is shown in Tables 28-29, as was measured by an XRF analysis using a 
Uniquant software package. The apparent elemental composition of the product varies 
by position, which is indicated in each table. 

The manufactured iron exhibited no unexpected magnetic activity. The reactivity 
relative to that which would be expected from natural iron has not been quantified. The 
ingot appears glassy or shiny on its axial (top) face and dull on its radial (side) face. The 
manufactured iron retained a negligible amount of refractory upon removal from the 
reactor, but cracked upon retrieval. The ingot had no internal voids. 
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Certificate of Analysis 


Item Number 


Description 


Lot Number 


N-1022 


NICKEL METAL, Ni 
Typically 99.9% pure 
-80 t +200 mesh 


X0027674 



SPECIFIC ANALYSIS OR PROPERTY 



Test For 



Found 



Theoretical 



SPECTROGRAPHIC ANALYSIS 



Element Result (%) Element Result (%) Element Result (%) 
Co 0.02 



X-RAY DIFFRACTION ANALYSIS 



CERAC incorporated 



P.O. Box 1 1 78, Milwaukee. Wl 53201 
(414) 289-9800 Phone (414) 289-9805 Fax 




Brian T WegnenQA Engineer 



March 4, 2003 
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EXPERIMENTAL PROCEDURE FOR NICKEL RUN 14-01-04 

EXAMPLE 2 

A cylindrical alumina-based crucible (99.68% A1 2 0 3 , 0.07% Si0 2) 0.08% Fe 2 0 3 , 
0.04% CaO, 0.12% Na 2 0 3 ; 4.5" O.D. x 3.75" I.D. x 10" depth) of a 100 pound induction 
furnace reactor supplied by Inductotherm, was fitted with a 75 -3 OR Powertrak power 
supply and charged with 2500 g nickel (99.97% purity) and 100 g of graphite carbon 
through its charging port. The reactor was fitted with a graphite cap with a ceramic liner 
(i.e. the crucible, from Engineering Ceramics). During the entire procedure, a slight 
positive pressure of nitrogen (-0.5 psi) was maintained in the reactor using a contiguous- 
backspace purge. The reactor was heated to the metal charge liquidus point, over aTrate : 
no greater than 300°F/hour, as limited by the integrity of the crucible. The induction 
furnace operated in a frequency range of 0 kHz to 3000 kHz, with frequency determined 
by a temperature-controlled feedback loop implementing an Omega Model CA 300 
temperature controller. Upon reaching 2800°F, the reactor was charged with an 
additional 2700 g nickel over an hour. 

The temperature was again increased to 2850°F again using a rate no greater than 
300°F/hour. When this temperature was reached, graphite saturation assemblies (3/8" 
OD, 36" long high purity [<5 ppm impurities] graphite rods) were inserted to the bottom 
of the nickel charge through ports located in the top plate. The nickel was held at 2850°F 
for 4 hours. Every 30 minutes during the hold period, an attempt was made to lower the 
graphite saturation assemblies as dissolution occurred. As the nickel became saturated 
with carbon, the graphite saturation assemblies were consumed. After the 4 hour hold 
period was complete, the graphite saturation assemblies were removed. 

The reactor temperature was increased to 3256°F over 7 minutes. The 
temperature was then varied between 2950°F and 3256°F for 15 cycles. Each cycle 
consisted of lowering the temperature continuously over 7 minutes and raising the 
temperature continuously over 7 minutes. After the 15 cycles were completed, a gas 
addition lance was lowered and a 0.15 L/min flow of argon was begun. The temperature 
of the nickel was varied over another 5 cycles between 2950°F and 3256°F. 
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After the fifth cycle, the reactor temperature was lowered to 2850°F over a 10 
minute period with continued argon addition. The graphite saturation assemblies were 
reinstalled in the nickel and remained there for 1 hour. The graphite saturation 
assemblies were removed. 

The reactor temperature was lowered to 2829°F over 5 minutes. The reactor was 
held at this temperature for 5 minutes with continued argon addition. The temperature 
was then varied between 2790°F and 2829°F over 20 cycles. Each cycle consisted of 
lowering the temperature continuously over 9 minutes and raising the temperature 
continuously over 9 minutes. The argon addition ceased after completion of the 20 
cycles. 

The reactor temperature was lowered to 2770°F over 5 minutes. The temperature 
was varied between 271 0°F and 2770°F over 4 !4 cycles. Each cycle consisted of 
lowering the temperature continuously over 5 minutes and raising the temperature 
continuously over 3 minutes. In addition, while raising the temperature, a 0.15 L/min 
flow of argon was added, and while lowering the temperature, a 0.15 L/min flow of 
nitrogen was added. 

The reactor temperature was lowered to 269 1°F over 5 minutes. The temperature 
was varied between 2492°F and 269 1°F for 15.5 cycles. Each cycle consisted of 
lowering the temperature continuously over 15 minutes and raising the temperature 
continuously over 15 minutes. In addition, while raising the temperature, a 0.15 L/min 
flow of argon was added, and while lowering the temperature, a 0.15 L/min flow of 
nitrogen was added. All gas addition, except for the purge of nitrogen ceased after the 
15.5 cycles were completed. 

The temperature was varied between 2571 °F and 2492°F for one cycle. The 
cycle consisted of raising the temperature continuously over 15 minutes and lowering the 
temperature over 15 minutes. The gas addition lance was removed. 

The reactor temperature was slowly cooled by lowering the induction furnace 
power to 1 KW or less as the ingot cooled. The nickel was then cooled to approximately 
ambient temperature in water. 



ANALYTICAL PROTOCOLS 



J 



XRF, grain size, magnetism, and chemical reactivity measurements were carried 
out by the procedures described in Example 1 . 

ANALYTICAL RESULTS 

An x-ray fluorescence analysis of the nickel sample is provided in Figures 28A 
and 28B 5 with the Ka and L a peaks of a nickel control standard shown for reference. 

An x-ray fluorescence analysis of the nickel sample is provided in Figure 29A, 
with the Ka peak of an aluminum control standard shown for reference. 

An x-ray fluorescence analysis of the nickel sample is provided in Figure 29B, 
with the K<x peak of a zirconium control standard shown for reference. 

An x-ray fluorescence analysis of the nickel sample is provided in Figure 30A, 
with the Kapeak of a sulfur control standard shown for reference. 

An x-ray fluorescence analysis of the copper sample is provided in Figure 30B, 
with the Kapeak of an chlorine (from potassium chloride) shown for reference. 

Summary data showing the apparent elemental composition of the product of 
Example 2 is shown in Tables 14-16, as was measured by an XRF analysis using a 
Uniquant software package. The apparent elemental composition of the product varies 
by position, which is indicated in each table. 

The manufactured nickel retained a large amount of refractory on its exterior 
surface after retrieval from the reactor. The retained refractory was attributed to either 
surface attraction or reaction with the high content of AI2O3 in the refractory. The ingot 
did not crack with handling, but did have an internal void. The visible radial surface 
appeared duller in than the axial (top) face, again demonstrating anisotropic physical 
properties. The ingot demonstrated no unexpected chemical reactivity after removal from 
the reaction system. 
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^^P^j^^porated Certif icate of Analysis 



Quality Manufacturing Since 1964 



Item Number Description Lot Number 

C-1226 COBALT METAL, Co X0030613 

Typically 99.5% pure (excluding Ni) 
12 mm shot & smaller 



SPECIFIC ANALYSIS OR PROPERTY 

Test For Found Theoretical 



SPECTROGRAPHIC ANALYSIS 



Element Found (%) Element Found (%) Element Found (%) 
Fe 0.21 Ni 0.265 



X-RAY DIFFRACTION ANALYSIS 



CERAC incorporated 



P.O. Box 1178, Milwaukee, Wl 53201 
(414) 289-9800 Phone (414) 289-9805 Fax 



Brian T Wegner, QA Engineer 



December 21, 2004 



If .NUfll Incorporated , bales Packing slip 

^#EHP^^ir ) Customer Acct# : CUS-0 >1 



PO Box 1178 Number :PAO01t>366 

MILWAUKEE, Wl 53201 Date : 12/22/04 

Page :1 

Telephone . : 414-289-9800 Sales order : SO-264965 

Fax : 414-289-9805 Purchase order : 20904 

Yourref. : 

Mode of delivery : UPS Ground 

Terms of delivery : FOB Origin 

Freight code : PrePay & Add 

Contact Name : Janet Pichette 

Contact Phone : 508-324-6411 

Contact Fax : 

Contact Email : 

Sold to : Atomic Ordered Materials, LLC Ship to : Atomic Ordered Materials, LLC 

22 Evergreen Dr. 421 Currant Road 

SEEKONK, MA 02771 FALL RIVER, MA 02720 



***** Header Comments **** 

mk 

Item number Name Ordered Delivered Balance 

C-1226 ^ COBALT METAL 20,000.00 20.000.00 



Co 

12 mm shot & smaller 
Typ. 99.5% (ex Ni) 
7440-48-4 
Country of Origin: ZM 

COBALT METAL 

Quantity : 20,000.00 Warehouse : 1 Batch number : X0030613 Location : 000-0-0 
Per Quote 11/04 

Schedule B# 81 05.20.0000 

ECCN # EAR99 



Receipt: 



EXPERIMENTAL PROCEDURE FOR COBALT RUN 14-01-05 

EXAMPLE 3 

A cylindrical alumina-based crucible (99.68% A1 2 0 3 , 0.07% Si0 2 , 0.08% Fe 2 0 3 , 
0.04% CaO, 0.12% Na 2 0 3 ; 4.5" O.D. x 3.75" I.D. x 10" depth) of a 100 pound induction 
furnace reactor supplied by Inductotherm and fitted with a 75-30R Powertrak power 
supply, was charged with 2176 g cobalt (99.8% purity) through its charging port. The 
reactor was fitted with a graphite cap with a ceramic liner from Engineering Ceramics. 
During the entire procedure, a slight positive pressure of nitrogen (-0.5 psi) was 
maintained in the reactor using a continuous backspace purge. The reactor was heated to 
2800°F over a minimum of 14 hours while the induction furnace operated in a frequency 
range of 0 kHz to 3000 kHz. Upon reaching 2700°F, the reactor was charged with an 
additional 3000 g cobalt over an hour. 

When 2800°F was reached, graphite saturation assemblies were inserted to the 
bottom of the cobalt charge through ports located in the top plate. The cobalt was held at 
2800°F for 4 hours. Every 30 minutes during the hold period, an attempt was made to 
lower the graphite saturation assemblies as dissolution progressed. As the cobalt became 
saturated with carbon, the graphite saturation assemblies were consumed. After the 4 
hour hold period was complete, the graphite saturation assemblies were removed. 

The reactor temperature was increased to 3086°F over 7 minutes. The 
temperature was then varied between 2875°F and 3086°F for 15 cycles. Each cycle 
consisted of lowering the temperature continuously over 7 minutes and raising the 
temperature continuously over 7 minutes. After the 15 cycles were completed, a gas 
addition lance was lowered and a 0.1 5 L/min flow of argon was begun. The temperature 
of the cobalt was varied over another 5 cycles between 2875°F and 3086°F. 

After the fifth cycle, the reactor temperature was lowered to 2800°F over a 10 
minute period with continued argon addition. The graphite saturation assemblies were 
reinstalled in the cobalt and remained there for 1 hour. The graphite saturation 
assemblies were removed. 

The reactor temperature was lowered to 2785°F over 5 minutes. The reactor was 
held at this temperature for 5 minutes with continued argon addition. The temperature 



was then varied between 2689°F and 2785°F over 20 cycles. Each cycle consisted of 
lowering the temperature continuously over 9 minutes and raising the temperature 
continuously over 9 minutes. The argon addition ceased after completion of the 20 
cycles. 

The reactor temperature was lowered to 2737°F over 5 minutes. The temperature 
was varied between 2689°F and 2737°F over 4 54 cycles. Each cycle consisted of 
lowering the temperature continuously over 5 minutes and raising the temperature 
continuously over 3 minutes. In addition, while raising the temperature, a 0.15 L/min . 
flow of argon was added, and while lowering the temperature, a 0. 1 5 L/min flow of 
nitrogen was added. 

The reactor temperature was lowered to 2672°F over 5 minutes. The temperature 
was varied between 2498°F and 2672°F for 15.5 cycles. Each cycle consisted of 
lowering the temperature continuously over 15 minutes and raising the temperature 
continuously over 15 minutes. In addition, while raising the temperature, a 0.15 L/min 
flow of argon was added, and while lowering the temperature, a 0.15 L/min flow of 
nitrogen was added. All gas addition, except for the purge of nitrogen ceased after the 
15.5 cycles were completed. 

The temperature was varied between 2570°F and 2498°F for one cycle. The 
cycle consisted of raising the temperature continuously over 15 minutes and lowering the 
temperature continuously over 15 minutes. The gas addition lance was removed. 

The reactor temperature was cooled by lowering the induction furnace power to 1 
kW or less as the ingot cooled. The cobalt was then cooled to approximately ambient 
temperature in water. 

ANALYTICAL PROTOCOLS 

XRF, grain size, magnetism, and chemical reactivity measurements were carried 
out by the procedures described in Example 1. 



ANALYTICAL RESULTS 

An x-ray fluorescence analysis of the cobalt sample is provided in Figures 3 1 A 
and 3 IB, with the K« and L« peaks of a cobalt control standard shown for reference. 

An x-ray fluorescence analysis of the cobalt sample is provided in Figure 32A, 
with the K« peak of an aluminum control standard shown for reference. 

An x-ray fluorescence analysis of the cobalt sample is provided in Figure 32B, 
with the K« peak of an iron control standard shown for reference. 

An x-ray fluorescence analysis of the cobalt sample is provided in Figure 33 A, 
with the Ka peak of a chlorine (from potassium chloride) control standard shown for 
reference. 

An x-ray fluorescence analysis of the cobalt sample is provided in Figure 33B, ~ 
with the Ka peak of a zirconium control standard shown for reference. 

An x-ray fluorescence analysis of the cobalt sample is provided in Figure 34, with 
the Ka peak of a manganese control standard shown for reference. 

Summary data showing the apparent elemental composition of the product of 
Example 3 is shown in Table 17, as was measured by an XRF analysis using a Uniquant 
software package. 

The top (axial) face of the manufactured cobalt ingot exhibited many of the 
recursive patterns observed in other manufactured ingots. The surface peaks are 
inconsistent with what would be expected given the forces of gravity during cooling. In 
addition, the shiny top face of the ingot exhibited an unexpected coloration, such that 
some of the faces had a distinct pink tint. While the top of the ingot was shiny, silver 
metallic, the sides of the ingot were matte silver in appearance. 

The manufactured cobalt ingot retained a small amount of refractory around its 
base. The ingot did not crack upon retrieval from the reaction system. No unexpected 
magnetic behavior or chemical reactivity were observed. 
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